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NUMERICAL CONTROL METHOD.

FIG. I
An NC unit {11} is so constituted that there can be detach-

ably inserted a ROM cassette (11c) which stores one or more NC APFARATUS MAN BCOY 3
macros (MCR's) to execute a predetermined function. In an :.-sysr;.u-___]sc;r nu..CRo ----- !
inlet port of a standard processing routine of a system pro- ; PROGRAM || INTERFACE [ - :
gram (SPR} is inserted a soft interface (SIF) that contains an i orm ——[ o | mer |
instruction which discriminates whether the ROM cassette i oM i RCM CASSETTE |
{11c) is inserted or not, and a branch instruction which, when P T
the ROM cassette is inserted, executes a predetermined

macro (MCR) stored in the ROM cassette. In executing the NC - SWITCHING
processing, if it is discriminated by the soft interface (SIF) that Rav Tocessor 1 Lmess
the ROM cassette (11c) has been inserted, a special pro- [ rre Yie
cessing is executed by the macro (MCR} designated by the L HAROWARE ";-’“’-‘Cf -

branch instruction. If it is determined that the ROM cassette | Iﬁl

(17¢) has not been inserted, the standard processing is exec- . = -

uted according to the system program without executing the Gisevar ) Eg Levre [ "o lcourskot.r_sn
branch instruction. 2 g prr Ys
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DESCRIPTION

NUMERICAL CONTROL METHOD

Technical Field

This invention relates to a numerical control
method and, more particularly, to a numerical control
method through which an NC apparatus capable of any
type of numerical control can be constructed without
modifying the system program.

Background Art

A numerical control apparatus is constituted by a
computer in which the processor executes predetermined
numerical control processing specified by NC data based
on system program control, thereby causing a machine
tool to subject a part to desired machining.

It goes without saying that the function of the NC
apparatus changes if the system program is modified.

In other words, by changing the system program, the NC
maker is capable of providing various standard NC
apparatus for lathes, milling machines, machining
centers and wire electric discharge machines, and of
providing varisus NC apparatus of simple to advanced
type. If the user requires a special function not
possessed by the standard machine, the system program
is designed anew to satisfy this requirement.

However, creating a system program anew whenever a
special function is required is a large undertaking
that can lead to delays in delivery and result in a

diminished cost performance.
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Recent NC apparatus involve systems of large size
owing to the reguirement for a number of advanced
functions. The participation of many programmers in
the designing of a system program involves a
programming operation that grows more cumbersome the
larger the system program.

Accordingly, an object of the present invention is
to provide a numerical control method in which
redesigning of a system program is unnecessary even if
a special function is required. In other words, an
object of the invention is to provide a—numerical
control method through which special specifications
desired by a user can be realized without modifying a
system program or hardware.

Another object of the present invention is to
provide a numerical control method through which
programming can be performed simply even if a system
program is large in size. In other words, an object of
the invention is to provide a numerical control method
through which a total system program can be constructed
by adopting a modular approach and performing
programming for each function, and thereafter joining
the program for each function to the main body of the
system program.

Disclosure of the Invention

An arrangement is adopted in which a ROM cassette
storing a plurality of macros for performing

predetermined numerical control processing is removably

3
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loaded in an NC apparatus. If a soft interface 0236506
(instruction) which causes the right of control to be
transferred from the system program to a predetermined
macro in a case where the ROM cassette has been loaded
is inserted in the system program at a suitable
location thereof, loading the ROM cassette enables a
predetermined function to be executed by the macro
stored in the ROM cassette.

Accordingly, if the function executed by the macro
is made to agree with the special function required by
the user, an NC apparatus which executes the special
function reguired by the user can be formed, even if
the system program is not modified, merely by loading
and unloading ROM cassettes. Furthermore, since a
macro can be programmed as a single module separately
of the system program, programming is facilitated.

\ Thus, the invention is characterized by
constructing an NC apparatus in such a manner that a
ROM cassette storing one or more macros MCR for
executing predetermined functions can be loadea and
unloaded, inserting, at suitable locations in a system
program SPR, an instruction for discriminating whether
the ROM cassette has been loaded and a branch
instruction which, if the ROM cassette has been loaded,
causes execution of a predetermined macro MCR stored in
the ROM cassette, executing, in NC processing, after
the execution of the discrimination instruction, a

macro designated by the branch command if the ROM

- e g e e



10

15

20

25

~::.17:1. Q236506

cassette has been loaded, and executing the next system
program instruction, without executing the branch
instruction, if the ROM cassette has not been loaded.

Brief Description of the Drawings

Fig. 1 is a block diagram of an NC apparatus for
practicing the present invention;

Fig. 2 is a view for describing the relationship
among a system program, soft interface and macro; and

Figs. 3 through 6 are flowcharts in which the
present invention is applied to specific cases.

Best Mode for Carrying Out the Invention

Fig. 1 is a block diagram of an NC apparatus for
practicing the method of the present invention.

Numeral 11 denotes the main body of the NC
apparatus, 12 a display unit, 13 a keyboard, 14 an NC
data input/output unit, 15 a PMC unit (programmable
machine controllerL,VlG an axis controller, and 21 a
machine tool.

The NC apparatus main body 11 is constituted by a
computer and has a processor lla, a ROM 11b, an
externally loadable ROM cassette flc, a RaM 114, a
hardware interface lle, and switching means 11f for
setting whether the ROM cassette llc has been loaded.
When necessary, the ROM cassette llc is removably
loaded in the NC apparatus, e.g. on a master printed
circuit board. Whether or not the ROM cassette llc has
been loaded is set by the switching means 11f, such as

a switch or shorting rod, provided on the master
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printed circuit board, so that this can be easily read
by the processor.

The processor lla of the NC apparatus main body is
adapted to execute predetermined numerical control
processing, which is specified by NC data, based on a
system program SPR stored in the ROM 1llb and a macro
MCR stored in the externally loadable ROM cassette llc.
A macro is a collection of commands for executing
predetermined numerical control functions and has a
subprogram relationship with respect to a system
program.r

Transfer of the right of control from the system
program SPR to the macro MCR, or recovery of the right
of control by the system program, is periormed via a
soft interface SIF. The soft interface SIF is formed
by inserting, in the system program SPR at appropriate
locations thereof, an instruction for determining
whether the ROM cassette llc has been loaded, and a
branch instructi&n for calling ;nd executing the
predetermined macro MCR, which has been stored in the
ROM cassette, in a case where the ROM caséette has been
loaded.

Fig. 2 shows the relationship among the system
program SPR, macro MCR and soft interface SIF.

When power is introduced, the processor lla (Fig.
1), under the control of the system program SPR, checks
whether the ROM cassette llc has been loaded in the NC

apparatus. If the ROM cassette llc has not been



10

15

20

25

.- -
- .

0236506

asesna
-
- B
an e
-
.
.
o9 o4 .

—6— . .- P '.-
loaded, the flag of a general-purpose registef is set
to "O"; if the ROM cassette has been loaded, the flag
is set to "1".

The soft interface SIF is inserted in the system
program SPR at a suitable location. The software
interface SIF includes:

(a) a discrimination instruction (an instruction
for checking whether the flag bit is "l* or not) for
determining whether the ROM cassette 1lc has been
loaded in the NC apparatus, and

(b) a branch instruction for executing
predetermined macro processing when the ROM cassette
has been loaded, e.g. a macro call instruction for
calling and executing a predetermined macro. If the
ROM cassette has not been loaded, processing jumps to
the next syétem program instruction. If the ROM
cassette has been loaded, then processing in,accordance
with the predetermined macro MCR is executed, after
which processing jumps to the next system program
instruction.

The functions capable of being executed by the
macro MCR are as follows:

(1) a special picture display, such as a picture
for specialrtool life management, a picture for
automatically deciding cutting conditions, and a
conversational-mode picture for automatic programming;

(2) special interpolation, such as SIN

interpolation, helical interpolation and elliptical

[ —
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(3) predetermined processing based on an M-code
call, e.g. a special ATC cycle (automatic tool change
cycle) based on an M06 code;

(4) predetermined processing based on an external
interrupt; and .

(5) special processing based on a G-code, e.g. a
hole drilling pattern cycle, pocket machining cycle,
etc.

The present invention will now be described with
regard to specific cases.

(A) Display Processing

Fig. 3 is a flowchart for displaying a special
picture. A CRT/MDI unit (a unit obtained by
integrating the display unit 12 and keyboard 13 of Fig.
1) is provided with a function kej POS key, PRGRM key,
OFSET key, PARM key, ALAM key for requesting a present
position display, program display, offset display,
parameter display and alarm display, and with an AUX
key for requesting a special picture display.

Thé soft interface SIF is inserted at Lhe entrance
to a picture display routine IMR. The arrangement is
such that when the ROM cassette has been loaded, a
macro for executing special picture processing is
called by a call command. The macro MCR is composed of
the following:

(a) an instruction for checking whether the AUX

key has been pressed to request a special picture
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(b) a group of instructions for execﬁting special
picture processing when the AUX key has been pressed;
and

(c) a return instruction for returning to the
sjstem program SPR at the end of processing or when the
AUX key has not been pressed.

More specifically, by constructing the macro MCR
in such a manner that.predetermined processing for
displaying a special picture is executed, the special
picture can be described on the display screen by
pressing the AUX key.

It should be noted that it can be arranged for the
the special picture display not to be performed by
inserting only a return instruction in the macro called
by the call instruction.

(B) Special Interpolation Processing

If a circular arc interpdlation calculation is
executed in the XY plane, linear interpolation is
performed along the Z axis and the rotation of motors
for the respective axes are controlled by d}stributed
pulses along these axes, a tool can be moved in helical
fashion. Such interpolation is referred to as helical
interpolation.

In accordance with the present invention, an NC
apparatus can easily be provided with a helical

interpolation function even if a system program is

capable solely of linear interpolation and circular arc




10

15

20

25

LR Y ]
L
L2 2 ]
.
s e s

ST L2 dBEDE

interpolation. Let helical interpolation be commanded
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as follows:

GO02XxYYRr2zFf:
Fig. 4 is a flowchart for providing an NC apparatué
with the aforementioned helical interpolation function.

The soft interface SIF is inserted in the system
program SPR beforehand following the discrimination
processing of G02, and a macro for performing helical
interpolation is called by a call instruction. The
macro MCR is composed of:

(a) a group of instructions for performing helical
interpolation, and

(b) a return instruction for returning to the
system program SPR at the end of processing. It should
be noted that if the 2 axis is not commanded in helical
interpolation processing, only ordinary circular arc
processing will be carried out.

Thus, the NC apparatus can be provided with the
helical interpolation function by'constructing the
macro MCR in such a manner that helical processing is
performed. .

It is also possible to arrange it so that helical
interpolation is not performed, by inserting only a
return instruction in the macro called by the call

instruction.

(C) Special ATC Processing

An NC apparatus with an ATC function possesses an

ATC cycle function for automatically exchanging a

-nem
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present tool, in response to an M-command "MO6TH " r
for the tool To g specified after MO6. There are cases
where it is desired to execute a user-tailéred special
ATC cycle instead of the standard ATC cycle. In such
cases, the soft interface SIF is inserted beforehand in
the system program after the discrimination processing
of MO6, as shown in the flowchart of Fig. 5, and the
macro for performing the special ATC processing is
called by the call instruction. The macro MCR is
composed of:

(a) a group of instructions for executing special
ATC processing, and

(b) a return instruction for returning to the
system program SPR at the end of processing.

More specifically, forming the macro MCR in such a
manner that predetermined special ATC processing is
performed makes it possible to execute the ATC cycle.

It is also possible to arrange it so that the
speciaerTC cycle is not performed, by inserting only a
return instruction in the macro called by the call

instruction.

(D) Macro Interrupt Processing

An NC appafatus has a macro interrupt function.
For example, thfs is a function in which, if a tool
breaks during machining, the tool is moved to a tool
change position along a predetermined path, the tool is
exchanged for a new one, the new tool is subsequently

moved along a predetermined path to be positioned at
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the position where breakage occurred, and machining is

-11- .
resumed from this position. There are also cases where
another method is used without relying upon the

standard macro interrupt processing. For example, a

return can be effected to the block where breakage

occurred, without returning the new tool to the
breakage position, with machining being resumed from
the starting point of the block. 1In such case, the
soft interface SIF is inserted in advance after the
check for occurrence of the macro interrupt, and the
macro for executing the predetermined tool breakage
processing is called by the call instruction. The
macro MCR is composed of:

(a) a group of instructions for executing
predetermined tool breakage processing, and

(c) a return instruction for returning to the

system program SPR at the end of tool breakage

processing.

More specifically, forming the macro MCR in such a
manner that predetermined tool breakage processing is
performed makes it possible to provide an NC apparatus
with a function for e.g. returning a new tool to the
beginning of a block and resuming machining from this
point. '

It is also possible to arrange it so that the
special tool breakage processing is not performed, by

inserting only a return instruction in the macro called

by the call instruction.
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In an NC apparatus with a programming function, an
arrangement can be adopted in which various ROM
cassettes are prepared in accordance with the skill
level of the operator. A conversational-mode display
conforming to the operator's skill level can be made to
appear by interchanging ROM cassettes.

It should be noted that each macro can, as a
matter of course, access all areas accessable by the

system program, and that the macros can employ

" general-purpose subroutines, flags and registers. 1In

addition, if the macro includes an argument designating
instruction, the use of variables, arithmetic
operations between variables, the use of conditional
expressions and all instructions based on assembler
language become possible.

In accordance with the invention, a system program
need not be redesigned ;ven if a special function is
requested; all that is required is a change of
externally loadable ROM cassettes. In other words,
special specifications desired by a user can be
realized without modifying the system program or
hardware configuration.

Further, in accordance with the invention, a
system program is programmed in the form of macros by
putting the program into module form on a
function-by-function basis to the greatest extent

possible, &#nd these are then combined to construct the
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overall system program. This facilitates programming.
Moreover, a macro constituted solely by a return
instruction for returning to the system program without
the execution of any processing whatsoever can be
provided. By calling this macro, unnecessary functions

will not be implemented even if the ROM cassette has

been loaded.
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1. A numerical control method, characterized by:

constructing an NC apparatus in such a manner that
a ROM cassette storing one or more macros for executing
predetermined functions can be loaded and unloaded;

inserting, at suitable locations in a system
program for controlling the NC apparatus, an
instruction for discriminating whether the ROM cassette
has been loaded, and a branch instruction which, if the
ROM cassette has been loaded, causes execution of a
predetermined macro stored in said ROM cassette;

in NC processing, executing, after execution of
said discrimination instruction, a macro designated by
t+he branch command if the ROM cassette has been loaded;
and

executing the next system program instruction,
without executing the branch instruction, if the ROM
cassette has not been loaded.
2. A numerical control method according to claim 1,
characterized in that whether or not said ROM cassette
has been loaded is set by switching means. -
3. A numerical control method according to claim 1,
characterized in that said macro is a subroutine for
executing any of the following: special picture
processing, special interpolation processing, special
processing based on an M-code call, special processng
based on a G-code call, and special processing based on

an external interrupt.

0236506
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4. A numerical control method according to c1£33§506

characterized by:

inserting a soft interface, which includes said
discrimination instruction and branch instruction, at
an entrance to a standard processing routine in the
system program;

executing special processing by a macro designated
by the branch instruction in a case where the ROM
cassette has been inserted; and

executing standard processing by the system
program in a case where the ROM cassette has not been
loaded.
5. A numerical control method according to claim 1,
characterized in that among said macros, a
predetermined macro is constituted by a return
instruction for returning to the system program without
any processing being executed.
6. A numerical control method according to claim 5,
characterized in that a macro conforming to said
special function is constituted solely by the return

instruction. ’
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